Abstract: This paper is the first part of a 2D description of a single crystal thin plate growth by micro-pulling-down (μ-PD) 
INTRODUCTION
The near two-dimensional single crystal plates have attracted some attention on the applications of optical and electronic devices.
A method for growing single crystal plates from the melt is the edge-defined film-fed growth (E.F.G.) method.
The micro-pulling down (μ-PD) ( Fig. 1 ) is a variant of the inverse EFG method and could be a second method of the single crystal thin plate growth from the melt.
In any case the micro-pulling down (μ-PD) method developed by Fukuda's laboratory in Japan [1] - [9] , has been shown promising in producing single crystal fibers with good diameter control and concentration uniformity. 
THE FREE SURFACE EQUATION AND THE PRESSURE DIFFERENCE ACROSS THE FREE SURFACE IN A PD GROWTH PROCESS
The free surface of the meniscus (see Fig. 1 ) is described mathematically by the YoungLaplace equation [10, 11] :
Here:  is the melt surface tension; 
The part p of the total pressure difference p  given by:
is independent of the spatial coordinate z (it can depend on the moment of time t ) and the major part of 
Therefore, for a meniscus free surface which is symmetric with respect to the vertical plane YOZ and is independent on the coordinate y [10] , [11] , the differential equation of the meridian curve of the free surface is given by: 
The first condition in (7) expresses that at the three phase point ) , ( , where the meridian curve touches the outer edge of the shaper, the catching angle (contact angle) is equal to c  . The second condition in (8) expresses that at the point
the meridian curve is fixed to the outer edge of the shaper. Condition (9) expresses that the meniscus shape is relatively simple. For the static stability of the free surface the function ( ) x z , describing the meridian curve profile, beside the conditions (6), (7), (8) and (9) , has to minimize the functional of the free energy of the melt column behind the free surface [10] , [11] , given by:
Note that only statically stable free surface can exist in the real world. Equations (6)- (10) 
LIMITS OF THE PRESSURE DIFFERENCE p IN A μ-PD GROWTH PROCESS
where
. The proof of this statement can be found in Appendix. In the following we show how to use the above inequalities to create a convex static meniscus that is symmetric to the plane YOZ having convex meridian curve independent on y.
For instance, in case of a thin Si plate the following numerical data are used [12] , [13] : But the values of p should range in a large interval and we don't know which value of p is appropriate. Moreover, it is not sure that in the above range there is a value of p for which a meniscus exists which is symmetric to the YOZ plane independent on y and with convex meridian curve (the condition (11) is only necessary). In order to answer these questions the following initial value problem: ( )
. In this way it is found that the value of p is p = -3472. In other words, the computation reveals that to any p in the range [-5350, - [-3601,-3472.5) [Pa] the deviation is strictly positive and for p in the range (-3472.5,-1737.9) [Pa] the deviation is strictly negative.
STATIC STABILITY OF THE FREE SURFACE IN A PD GROWTH PROCESS
This section deals with the static stability of the free surface [11] .The following statement is a sufficient condition of static stability of the free surface. 
Statement 2. Under the conditions appearing in Statement1, if
Therefore, the static free surface is stable.
EQUATION OF THE PLATE HALF THICKNEES CHANGE RATE DUE TO THE CHANGE OF THE PRESSURE DIFFERENCE IN A PD GROWTH PROCESS
Starting from the condition of growth angle constancy according to [11] the following equation of the plate half thickness change rate, due to the pressure difference perturbation p is obtained: 
For p = -1737. 9 [Pa] we have ) ,
( -0.5446344224) and (5.1) becomes:
15880097) and (16) becomes: The second step in this procedure is to find a perturbation p of " p for which the half thickness = 
The second step in this procedure is to find a perturbation p of ' p for which the half thickness = Fig. 15a . In Fig. 15b the plate half thickness evolution during the first second is presented for the already considered instantaneous perturbations and for the above considered time dependent perturbation. 
